BACKGROUND: Breast meat from broilers produced in very different production systems may vary considerable in sensory profile, which may affect consumer interests. In this study the aim was to evaluate differences in the sensory profiles of breast meat from five broiler products: two conventional standard products (A and B) and three organic niche genotypes (I657, L40 and K8) reared in an apple orchard.
INTRODUCTION
In the industrialised world the dominant trend in the food sector for the past 50 years has been an increase in uniformity and efficiency in food production. Lately, however, there has been a growing countervailing trend where consumers show renewed interest in differentiated food products. This differentiation relates to e.g. animal welfare aspects and environmental, food safety and human health considerations, just as locally produced foods and sensory properties of the food are important. 1 In broiler meat production, France leads the way in differentiated high-quality products, e.g. 'Bresse-chicken', 'Géline de Touraine' and broilers produced under the 'Label Rouge' concept. 2, 3 Most other industrialised countries have limited differentiation in high-quality broiler products.
There have only been a few studies on integrated broiler and fruit production in Denmark. The hypothesis behind these studies is that synergy effects can be achieved, since the orchard is assumed to provide a good environment for the broilers, which in turn may benefit from the poultry manure and the controlling of insect pests. 4, 5 However, for broilers to be used as pest controllers requires them to have an active foraging behaviour in the orchard, i.e. they need to be slow-growing as they have proven to be considerably more active in the outdoor area compared with fastgrowing broilers. 6, 7 In addition, slow-growing broilers are present in the orchard for longer owing to their higher slaughter age, which extends their period as pest controllers. In contrast, fast-growing broilers in the conventional broiler industry are often prone to different kinds of health problems such as dermal lesions and gait abnormalities as they have been selected for their growth capacity and consequently are slaughtered at a much younger age. 8, 9 The production of slow-growing broilers in an alternative production system such as an orchard may result in a product that is quite different from the conventional standard broiler. It has been suggested that the quality of meat from slow-growing broilers reared under free-range conditions, like the 'Label Rouge' production system, is more suitably destined for a speciality or gourmet market 10, 11 and is subsequently sold at a premium price, which among consumers may lead to the expectation of higher meat sensory quality. 12 However, very little has been published on the sensory profiling of extensively produced broilers compared with conventional mainstream broiler products. Thus the objective of the present study was to evaluate how the sensory profile of meat from slow-growing broilers produced in an integrated niche system with apple production differed from conventional standard broilers for the different genotypes.
EXPERIMENTAL
Five different broiler products (18 broilers of each) were collected from two different slaughterhouses and used in the present study. A description of the broiler products is given in Table 1 . Three of the 18 broilers were randomly chosen for the final sensory assessment. The rest were used during the training sessions (see later). The five products consisted of three niche products and two conventional products. The niche production broilers were reared in an organic apple orchard and differed in breed. The conventional broilers were reared at two different farms and differed only in the amount of maize in the finishing diet (0 vs 15% maize). It was decided to include only males in the assessment of the niche broilers, since weight difference between male and female broilers increases with age, and sex has been found to influence the sensory evaluation of broilers close to sexual maturity. 5 In contrast, conventionally produced broilers are slaughtered at a much younger age where no sex differences in relation to sensory aspects would be expected.
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Sensory assessment
The sensory assessment was made by a sensory panel with ten assessors selected according to ISO 3972:1991.
14 It took place in the Sensory Laboratory of the Department of Food Science at the University of Copenhagen and consisted of a pilot study, four training sessions and the final assessment. In the pilot study a procedure for the cut-out and cooking of the breast meat was established. In addition, a preliminary set of attributes to be used at the training sessions was developed, just as recipes for reference materials were produced. The references were used to enable the panel to become familiar with the sensory attributes and to unify their perception of the specific attributes. Preliminary attributes and reference materials were decided on the basis of previous studies. 5, 15 Cooking and serving of samples The frozen carcasses were thawed in a climatised chamber at 4
• C two days before the samples were served at the training or the assessment. The carcasses were filleted on the same day as they were used and trimmed so that the right and left fillets were of the same size (±2 g). The average weight of the carcasses and trimmed breast fillets for the assessment are given in Table 1 . The fillets (with skin) were cooked in preheated fan ovens at 180
• C to a core temperature of 75
• C. The cooking time was calculated on the basis of the weight and height of the fillets. The fillets were served on a 60
• C hot plate 2 min after they were cooked, i.e. the samples were warm at serving. The right and left fillets from a broiler were cut into five slices each (a sample), one for each of the ten assessors. At the training and the assessment it was ensured that each assessor on the panel received the same section of the fillet for each assessment. 16 The end pieces were not used. For the assessment it was decided that the samples should be cut transversely from one end and the first cut surface used in relation to the aroma attributes. The next cut of the sample was used for assessing the texture, while the taste was assessed on a cut from the middle of the sample (Fig. 1) . Between each assessment the panellists cleared the palate using cucumber, crispbread with a neutral flavour and finally water. 
Sensory method
The four training sessions took place on four successive days and were guided by a panel leader (not a member of the panel). Only the panel leader knew which samples were served during the training sessions and the final assessment. At the first training session the procedure relating to 'smelling', 'biting' and 'tasting' was introduced and the assessors were informed about the preliminary attributes and reference materials. Subsequently the assessors were presented with six samples in three pairs. The samples were served in a sensory evaluation laboratory accommodated to meet the demands in ISO 8589:1988 17 and ASTM STP 913. 18 The differences and similarities between the samples in relation to the set of attributes were discussed in plenum. As a result of the first training session, some of the attributes from the pilot study were changed, just as new words were added to the list, e.g. the taste of 'umami' was changed to 'umami/bouillon' and, under the texture attributes, 'elastic-like' and 'short' were added. On the second day of training the panel was presented initially with four samples in pairs, which were discussed in plenum. Subsequently four new samples were served, but this time the assessors were placed in separate booths with no contact with each other. The same procedure was followed on the third day, but with four samples in pairs discussed in plenum and five samples served in the booths. At this session it was decided that the texture attributes 'hardness', 'elastic-like', 'tenderness' and 'juiciness' should be evaluated at the fourth chew, whereas 'short', 'crumbly', 'stringy' and 'cohesive' should be evaluated when the sample was ready for swallowing. On the fourth day of training the assessors were presented with a sample pair, for which they were told to focus mainly on texture attributes, which were discussed afterwards. Finally, the assessors were presented with 12 samples in the booths. After the final discussion, no changes were made in the set of attributes presented in Table 2 . All changes during the training sessions were decided only by the assessors without any influence by the panel leader.
The assessment took place on three successive days and each broiler product was served on each day, i.e. three replications were used. The serving order on each day was randomised by a Latin-square method. 16, 19 The assessors were placed in separate booths and, for each sample, each attribute was evaluated on a 15 cm unstructured line scale, with 15 as the highest score and 0 as the lowest. The anchor points for all attributes were 'none' on the left side and 'extreme' on the right side. 19 -21 Data were collected electronically using FIZZ Network Acquisition Version 2.40 E. 22 In addition to the objective assessment of attributes, the assessors were asked to give a subjective preference score of 'overall liking' for each sample assessment of the products.
Statistical methods
For the statistical analysis, 'PROC MIXED' in SAS Version 9.1 23 was used. The analysis included five products, i.e. three niche products (I657, L40 and K8) and two conventional standard products (Standards A and B). In the statistical model, 'product' was defined as a fixed effect and 'replication', 'assessor', 'replication × assessor' and 'replication × product' were random effects. Data were found to be normally distributed. The sensory data were additionally subjected to principal component analysis (PCA) using PanelCheck Version 1.2.1. 24 This program was also used for the detection of outliers in the raw data. In addition, a calculation of PCA models in the program FIZZ Calculation was used as a guideline for outlier removal. 22 One assessor had difficulties with one attribute and another assessor with two. In these cases, data were replaced by the average for the rest of the panel as suggested by Hoo et al. 25 
RESULTS
To visualise relationships between attributes and the products tested, results from the PCA are given in Fig. 2 and principal component 3 (PC3) is the vertical axis in Fig. 3 . As indicated by Figs 2 and 3, there is a huge difference in the sensory profile between especially the standard and the niche products, being on opposite sides of the PC1 axis. Even though Fig. 2 indicates a large vertical difference (PC2) between 'I 657' and 'L 40' and Fig. 3 indicates a large difference (PC3) between 'I 657' and 'K8', the explained variance is only 7.8 and 4.4% for PC2 and PC3 respectively. Thus the differences between the standard products and the niche products are much more pronounced than the differences between the niche products themselves.
Results from the analysis of variance are given in Table 3 . Aroma attributes differed significantly for four out of seven attributes between types of chicken product. The positive aroma attributes 'chicken' and 'bouillon' were significantly more pronounced in 'I 657' and 'K 8' than in the standard products, and 'bouillon' scored significantly higher in 'L 40' than in 'Standard A'. The score for the negative attribute 'iron/liver' was significantly lower for 'I 657' and 'K 8' than for the other products. In addition, the two standard products had a significantly less pronounced aroma of the neutral attribute 'fat' than the niche products.
Seven out of eight texture attributes were found to differ significantly among products (P < 0.05), and the 'elastic-like' attribute indicated a tendency for being less pronounced in the standard products (P = 0.06). The meat was found to be significantly harder (negative attribute) in 'I 657' than in the standard products, just as 'K 8' was harder than 'Standard A'.
wileyonlinelibrary.com/jsfa The standard products had a significantly higher score for the positive attribute 'tenderness' than the niche products, although 'L 40' only differed significantly from 'Standard A'. For the positive attribute 'juiciness', 'I 657' was significantly less juicy than the other products. The assessors found that the meat structure felt significantly 'shorter' (neutral) in the standard products, just as these were less 'stringy' (neutral). The negative attribute 'crumbly' was significantly more pronounced in the 'Standard B' product than in 'I 657' and 'L40', and 'L 40' was less 'crumbly' than 'Standard A'. The assessors found the standard products significantly less cohesive (neutral) than the niche products, except for 'K 8' that only differed significantly in relation to 'Standard A'. The taste attributes differed significantly between products in relation to the negative attribute 'sourish' and the positive attribute 'sweet/maize'. Thus 'I 657' was significantly more 'sourish' than 'K 8' and the two standard products, 'L 40' significantly more 'sourish' than the standard products, and 'K 8' more 'sourish' than 'Standard A'. The standard products tasted significantly more of 'sweet/maize' than 'I 657' and 'L40', whereas 'K 8' only tasted significantly less of 'sweet/maize' in relation to 'Standard A'.
In relation to the subjective 'overall liking' category, the assessors gave a higher score for the 'K 8' product. This was statistically significant in relation to the 'L 40' and 'Standard A' products. An indication of which attributes mainly influenced 'overall liking' can be found in Table 4 , where significant correlations between 'overall liking' and sensory attributes are given. The attributes given in Table 4 are related to the aroma and taste of the products, whereas no texture attributes were significantly correlated with 'overall liking'.
DISCUSSION
Several factors such as breed, age at slaughter, diet, outdoor access and housing conditions were very different between the niche and standard broilers in the present study, which resulted in very different sensory profiles of these products as indicated by Figs 2 and 3. In contrast, Fanatico et al. 26 found that a sensory panel was able to detect only very few significant differences in the sensory profiles between slow-and fast-growing broilers reared in production systems with or without outdoor access. However, the fast-growing broilers in that study were slaughtered at 63 days of age, whereas in our study the fast-growing broilers (Standards A and B) were slaughtered at 38 days of age. Other studies have shown that poultry meat characteristics are influenced by factors such as age, 15 ,27 feed 28 and genotype, with the latter covering e.g. growth rate, body composition and locomotor activity. 6,15,29 -32 In the present study especially the texture attributes were significantly influenced as a consequence of the very different production characteristics of the standard and niche products. The fact that the breast meat from the standard broilers is tenderer with a 'shorter' fibre structure is consistent with other studies showing that younger birds have tenderer meat. 33, 34 However, some studies on slow-growing broilers indicate that certain breeds can have a different development in meat tenderness when age at slaughter is close to sexual maturity. 5, 15 Sexual maturation has been suggested also to affect the flavour of the broiler meat by enhancing it to its maximum during the process. 33 -35 Six out of 13 aroma and taste characteristics were found to differ significantly in our study. Based on the carcass weight, two of the niche-produced broilers in the present study, 'I 657' and 'K8', had likely reached sexual maturity. This might explain why the niche product 'L 40' did not receive quite the same Scores in a row not sharing a common letter are significantly different (P < 0.05). NS, not significant. positive score as the other niche products, as it was considerably slower-growing and had probably not reached sexual maturity. However, it should also be borne in mind that this breed was given the same feed type as the other niche broilers, and, owing to its slower growth, this breed might have had different dietary requirements. Interactions between feed and breed in relation to sensory attributes of breast meat have been found in another study. 15 The 'Bresse-chicken' is a broiler product produced in France and uses a similar breed to 'L40'. It is known to be produced with special consideration to the feed allocated and has to have access to an outdoor area with vegetation. This together with the processing of the carcass produces broiler products with reputable meat qualities. 2 As indicated by Figs 2 and 3, the positive attributes 'tenderness' and taste of 'sweet/maize' were positively correlated. The highest score for these attributes was given to the 'Standard A' product and was significantly different from the niche products. However, the panellists gave the lowest 'overall liking' score to the 'Standard A' product and the highest to the 'K 8' product. This is in contrast to a study by Brown et al., 36 where a sensory panel gave a significantly higher score for 'flavour liking' for a retailed standard product compared with retailed broilers produced under free-range or organic conditions, despite the fact that they could detect no differences in the two flavour attributes, 'chicken' and 'abnormal' flavour. In our study the attributes that were significantly correlated with 'overall liking' were the aroma and taste of 'chicken', 'iron/liver' and 'bouillon (umami/bouillon)' (Table 4 ). The positive attributes aroma and taste of 'chicken' and 'bouillon (umami/bouillon)' are, in turn, closely correlated with the 'K 8' product, whereas the negative aroma and taste of 'iron/liver' is not (Figs 2 and 3) . Thus the 'K 8' product was given the most favourable scores for these attributes compared with the other products, even though only significantly different for aroma as indicated by Table 3 . Surprisingly, 'tenderness' did not seem to be the most important attribute when scoring the liking for the different products. However, all products were given relatively high scores for 'tenderness', i.e. the meat was not considered as 'tough' in any of the cases, despite significant differences. In fact, it may be hypothesised that meat actually can be too tender, even though it is considered a positive attribute.
In this context it should be realised that a sensory panel is not comparable to a consumer preference study, since the assessors in our study were selected according to the ISO 14 and completed a thorough training course to define product attributes and to unify their perception of the specific attributes. 37 However, normally only relatively few product traits such as 'appearance', 'texture', 'flavour' and 'juiciness' are assessed in consumer studies, and texture and tenderness, in particular, seem to be crucial consumer attributes. Therefore a consumer test might have achieved liking scores not comparable to those in the present study. Thus consumers often prefer the things they are familiar with, and it has been suggested that long-term exposure to conventional broiler meat may be an obstacle to the liking of meat from other broiler products. 38 However, a study by Ponte et al. 39 indicates that, even for a 30-person consumer panel, meat tenderness may not be the only important attribute when differences in overall liking are to be found. In addition, other factors such as geographical and cultural origins of the consumer can be expected to influence consumer preference for different qualities of food products, 40 just as other quality dimensions such as locally produced food, animal welfare, environment, etc. may influence consumer perception. 1 In conclusion, there was a huge difference in the sensory profile of breast meat between the niche and standard broilers in our study, just as we found a small difference between the genotypes used in the niche system. The significant correlations between 'overall liking' and the aroma and taste of 'chicken', 'umami/bouillon' and 'iron/liver' indicate that differences in meat tenderness may not be the most important attribute for overall liking of broiler meat products, since broiler breast meat in general is considered as tender.
In future studies there is a need to generate more information on the sensory profile of thigh and drumstick, since higher kinetic activity in slow-growing broilers might influence the sensory profile of especially the leg muscles as a consequence of different muscle structures.
